This study describes the pattern of day and night sleep and explores relationships between these patterns and sociodemographic and clinical factors as well as sleep environmental context and the patient's subjective sleep quality. Data from 110 patients with first-ever stroke was collected by structured interview surveys, medical record, and objective estimated sleep data from wrist actigraphy. The variability in estimated sleep is large. Half the patients slept either <6 hours or >8 hours per night, and 78% had more than nine awakenings per night. Men slept less than women, and patients sleeping at home had fewer awakenings than those who slept in hospital. It was estimated sleep during daytime in all, except 4, patients. Longer stay in hospital was related to more daytime sleep, and the subjective sleep quality correlated with estimated sleep time, wake time, and wake percentage.
Introduction
Clinicians frequently observe stroke patients with disturbed sleep in hospital, and there is a notable lack of studies describing their sleep-wake patterns [1] . Polysomnography (PSG) studies of the sleep of stroke patients during night time have reported both insomnia (difficulty falling asleep and staying asleep at night) and hypersomnia (inability to stay awake and excessive daytime sleepiness) [1] [2] [3] [4] [5] .
Poor sleep efficiency and wakefulness after sleep onset are associated with reduced cognitive function in the acute phase after stroke [6] and nonrestorative sleep is described as restless, light, or poor-quality sleep, even when its duration appears normal. Poor sleep is also associated with daytime impairment [7] . After a stroke, restorative sleep is essential to gain physical and psychological energy, but it must be taken into consideration that age and numbers of medical condition influence patients' sleep quality [8, 9] .
The aims of this study were to describe the sleep of patients in the acute phase after their first-ever stroke and to explore the relationships between sleep and sociodemographic variables, clinical variables, the patient's environmental context for sleep and self-reported sleep quality. There were two specific research questions.
(1) What are the night and day sleep-wake patterns during the acute phase (first 15 days) after a first-ever stroke? (2) How are the night and day sleep-wake pattern related to sociodemographic variables (age, sex, education, cohabitation, and employment status), clinical variables (physical functioning, use of sedatives, and time since admission), environmental sleep context (sleep location), and self-reported sleep quality?
Materials and Methods
The study was a descriptive cross-sectional design. A sample of patients was recruited sequentially from two hospital wards in Norway. The design included both subjective and Those meeting the inclusion criteria:
Consent to participate:
Final sample:
Patients admitted with stroke diagnosis during the recruitment period:
Those meeting the inclusion criteria:
First-ever stroke patients:
Excluded Due to death = 3 Did not complete the interview = 1 Due to missing actigraph data = 1 More than 15 days in hospital = 4
Excluded Due to transfer = 3 Did not complete the interview = 1 Due to missing actigraph data = 2 objective measures within the first two weeks after diagnosis of a first-ever stroke.
Sampling. Patients admitted to one of two hospitals in
Oslo and Buskerud County in Norway with a diagnosis of first-ever stroke from March 2007 to September 2008 were recruited for participation. The inclusion criteria were firstever clinical presentation of stroke according to International Classification of Diseases (ICD)-10 (I 60, 61, 62, 63, and 64) [10] , satisfactory cognitive function and age over 18 years. To be included, a patient had to be fully conscious or able to awaken to full consciousness, and be oriented to time, place, and person. Patients unable to participate in a meaningful conversation or to point to the response alternatives on a questionnaire were excluded. Of the 193 patients with a diagnosis of first-ever stroke admitted to these two hospitals, 41 patients were excluded, because they had reduced cognitive function (n = 14), found communication difficult (n = 26), or did not understand Norwegian (n = 1). Of the 152 patients who met inclusion criteria, 125 consented to participate; three patients died, and three were transferred to other regions. In the final sample of 119 patients in the study, all except one were ethnically White (see Figure 1 ).
Nine patients were excluded from analysis due to not completing the interview (n = 2), missing actigraph data (n = 3), and interview data collected after the acute phase (n = 4). Therefore, the sample for analysis included 110 patients.
Measurements

Sociodemographic
Variables. Data were collected on age (years), sex, level of formal education (dichotomized as <12 and ≥12 years), coresidence status (paired relationship or not), and employment status.
Stroke Type and Location.
Computed tomography (CT) scans were taken of all the patients at admission to the hospital. If an additional CT scan were taken, the latest description was used for categorizing. Based on the radiologists' descriptions, stroke type was grouped into the following four groups: (a) ischemic infarct, (b) hemorrhage (c) chronic cerebral ischemia, and (d) negative findings. Stroke location was grouped into left, right, and bilateral. Some of the CT scans showed signs of lesions from previous strokes that were undiagnosed. These lesions were included in the classification of stroke (see Table 1 ).
Clinical Variables.
Physical functioning (PF) was measured on a 10-item subscale of the SF-36-Acute-Form for HRQoL [11] ranging from 0-100, where the higher scores represent higher quality of life (QoL). Cronbach's α was 0.94 for the PF items. Sedatives and sleeping medications were assessed as part of the same drug use category, as both influence the patient's sleep. Time since admission referred to the number of days that the patient had been in hospital when the first part of the interview was performed.
Sleep Environment Location.
During hospitalization, some patients were given permission to sleep at home, especially in the weekends. We recorded their place of sleep and grouped them as those who slept in the hospital, those who slept at home, or those who only slept in the hospital for one or two nights.
Subjective Sleep Quality.
Subjective sleep quality was assessed by the pittsburgh sleep quality index (PSQI) [12] .
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A sum score of PSQI is calculated, and ranges from 0-21, where higher score indicates worse sleep quality. The internal consistency of the items and the test-retest reliability in the original version (in medical patients) [13] , and in the Norwegian version have been reported to be satisfactory [14] .
Night and Day Sleep-Wake Time and Pattern.
Objective sleep was estimated with the Motion logger Actigraph (AA-32 Ambulatory Monitoring Inc., Ardsley, NY, USA), a watchlike device that measures activity from the wrist. It is a valid and reliable noninvasive instrument for assessing sleep-wake behavior over 24 hours for several days in a natural sleeping environment [15] . It was worn on the patient's wrist on the unaffected arm. The actigraph was set to one-minute epochs using zero-crossing mode. It records activity in a continuous format. The activity counts were analyzed in Hertz (Hz) with the Cole-Kripke algorithm from the ActionW software program, version 2.4 (Ambulatory Monitoring Inc.). The algorithm used a 2-minute rule to define a wake period. This wrist actigraphy method of estimating sleep has been shown to have a correspondence of 91-93% with PSG in adult populations [15] . The actigraph was fixed with a plastic bracelet so that it could not be removed without cutting. The analysis of sleep-wake pattern was based on continuous wrist actigraphy data for three nights and two days. Since the event maker could not be relied upon in this sample to indicate lights out at night or final wake time, sleep variables included any day sleep time between 09 : 00 and 20 : 59 (NAP minutes), sleep at night (TST minutes), number of wake episodes after sleep onset (WAKES), and wake after sleep onset (WASO) as minutes (WASO-M) as well as the percentage of total sleep time (WASO-P). Night sleep measures of TST, WAKES, and WASO between 21 : 00 and 08 : 59 were analyzed and the mean of the three nights were used for analysis. Day-time sleep was analyzed as the mean of the two 12-hr day intervals. The actigraph was programmed to start at 18 : 00, and data collected before 21 : 00 were discarded to allow the patients to adapt to wearing the monitor. Monitoring was performed on all days of the week, and ended at 09 : 00 on the third day.
2.3.
Procedure. Data on age, sex, the use of medications, and time since admission were collected from the patient's medical record. Data on physical functioning were collected through interviews using standardized questionnaires. To ease the burden on the patients, the interviews were divided into two sessions of approximately 30 minutes each, the first and last day. The actigraph was placed on the patient's unaffected wrist in the first session and taken off in the second session. 17 .0 software (SPSS Inc., Ill, USA) was used for the analysis. Continuous sleep variables that were not initially normally distributed were log-transformed (and in cases of containing zero added one before log-transformation) so that parametric statistics could be used. Independent t-test (t), 
Statistical Analysis. SPSS for Windows version
Results
Demographic Characteristics.
The mean age of the patients in the sample (M = 68.3±13.2) was not significantly different from those who did not want to participate and those who were excluded due to missing responses (M = 70.6 ± 11.3, P = .36). The proportion of men was higher in the sample (n = 72, 60.5%) than among those who were not included (n = 8, 32.0%, χ = 7.0, df = 1, P = .009). Data on age and sex were missing for 8 patients among the nonparticipants. The sociodemographic variables, stroke type, other clinical variables, sleep location and subjective sleep quality are detailed in Table 1 .
Stroke Type and Location.
The data showed a high representation of ischemic infarcts, with 30 in the right hemisphere, 28 in the left, and 20 bilateral. Of the 6 hemorrhages, 3 were in the right and 3 in the left hemisphere.
Admission.
The first part of the interview was held within the four days after admission for 67 (60.9%) of the participants, between days 5 and 10 for 35 participants (31.8%), and between days 11 and 15 for 8 participants (7.3%).
Estimated Sleep-Wake Patterns and Sleep Variables.
Details on characteristics for sleep night and day see Table 2 . A categorization on sleep and wakes is listed in Table 3 . The majority (54.5%) were estimated with less than 450 minutes of sleep during night time. Men had estimated sleep at an average of 411 (±117.4) minutes, while women had an average of 450 (±85.5) minutes estimated sleep per night. The range of WAKES was normally distributed from 3 to 40 times, with a median and a mean of 13.5 awakenings, but 25% had more than 16 awakenings per night. One-fourth of the patients (25%) were awake for less than 96 minutes or less than 16% of the night, and 25% were awake for more than 205 minutes or 33% of the night. In only four patients (4 men) the actigraphs did not estimate any sleep during the daytime on either of the two days of monitoring.
Twenty-nine patients (26%) took sedatives or sleep medication at night time while they wore the actigraphs.
Bivariate Associations.
One-way ANOVA analyses showed no significant differences when the mean scores for the four CT groups were compared in relation to TST (F = 1.46, P = .23), WAKES (F = 0.61, P = .61), WASO-M (F = 1.63, P = .19), WASO-P (F = 0.54, P = .66), and NAP (F = 0.13, P = .94). Post hoc tests for all these analyses showed no differences among the different subgroups (all P > .18). The ANOVA analysis for different infarct (Table 4) showed that a longer stay in hospital was related to more daytime sleep (r = 0.19, P = .04). Poor self-reported sleep quality (higher PSQI score) was related negatively with TST (r = − − 0.19, P = .042) and positively with WASO-M (r = 0.25, P = .02) and WASO-P (r = 0.25, P = .02) by actigraphy.
Patients who slept all three nights at home had fewer mean WAKES (M = 11.1 ± 4.69) compared with those who slept all three nights at the hospital (M = 14.8 ± 6.77, t = 2.74, P = .007, d = 0.64). There was also a tendency for less WAKES among those sleeping all three nights at home compared to those who slept one or two nights at the hospital during data collection (M = 13.7±5.18, t = −1.96, P = .055, d = 0.53). Twenty three men (M = 64.7 ± 11.17 years) and 9 women (M = 69.3 ± 12.19 years) slept at home all three nights.
Multivariate Analysis.
The multivariate analysis showed that men had less estimated sleep than women during night time (P = .047) ( Table 5 ). Patients sleeping all three nights at home had fewer WAKES (P = .007) than patients sleeping at the hospital for one, two or all three nights, even after controlling for sociodemographic and clinical variables. WASO-P represents a standardized measurement of the time awake relative to the time spent in bed and was, therefore, chosen for the multivariate analysis. After controlling for demographic variables, the clinical variables only accounted for an additional 0.3% of the variance in TST, 1.6% of the variation in WAKES, 3.7% of the variance in WASO-P, and 4.9% of the variation in NAP. When the environmental sleep context was then added into the model, it accounted for an additional 1.4% of the variance in TST, 7.0% of the variance in WAKES, 2.9% of the variance in WASO-P, and only 0.3% of the variance in NAP.
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Discussion
This is the first study to our knowledge which describes the sleep-wake patterns in stroke patients during the acute phase.
Although the estimated mean TST (426 minutes) was within the normal range for sleep in healthy adults [17] , our results show a large variation in sleep during night time, which may indicate either insomnia or hypersomnia after a stroke [1] [2] [3] [4] 18] . Only 52% of the patients had estimated sleep within what is recommended as normal sleep time per night (6-8 hours) in an adult population [19] . The high WASO and WAKES per night in this sample raises the question of whether sleep during the acute phase after a stroke can be considered restorative, when the normal WASO is less than 10% of TST and people normally are awaken fewer than six times a night [17] . In general, actigraphy has been criticized for overestimating TST and underestimating WAKES [20] especially in populations with fragmented sleep. In a comparison study between PSG and actigraphy, it is shown that WAKES are difficult to detect if 6 Stroke Research and Treatment the subject lies immobile with an actigraph [21] . Especially older people may lay still and awake at night time. If this is the case, in our study, the TST may be lower and the number of WAKES and the WASO may be even higher than our results have shown. However, our results are consistent with PSG findings [1, 3, 6, 18] , in which stroke patients had higher WASO than age and gender-matched controls.
It has been demonstrated that memory and attention decrease as WASO increases [6] , and so disrupted sleep may result in poor sleep quality. The sample in our study was predominantly older patients, and it can be argued that older individuals wake more often than the general population. However WAKES and WASO differed considerably from normal values. Patients who slept in the hospital had more WAKES than those who slept at home all three nights. The effect size of this relationship was medium, indicating a probable clinical significance [16] . Hospital environment is often known to have higher levels of noise, light, and interruptions that may disturb sleep. By objective measures, sleeping in hospital resulted in more fragmented, and thus less restorative sleep than sleeping at home in our sample, but there was no difference by self-report measure. If the medical and practical conditions at home are favorable, it may be better for the patient's sleep quality to sleep at home even in the acute phase after a stroke. Restorative sleep may promote the rehabilitation process in stroke patients.
Daytime estimated sleep was related to a longer hospital stay, but this relationship was not evident after controlling for sociodemographic, clinical, and contextual variables and self-reported sleep. However, daytime sleepiness is associated with nonrestorative sleep and deterioration in performance even in a general population [7] . More daytime sleep (by observation and wrist actigraphy) has been reported in a study of patients undergoing rehabilitation and is linked to less immediate functional recovery in these patients [22] . An overestimation of sleep during daytime may be suspected in immobile patients, as with TST. The mean sleep during daytime was 85 minutes and was not surprisingly high, but the variation was large. It remains to explore whether sleep during daytime is a sign of passivity or a way to compensate for disturbed sleep at night.
The self-reported sleep quality (PSQI) score averaged 6.9, which is above the cut point used in most populations (5 on a 0-21 scale) to indicate poor sleep [12] . The patient's selfreported sleep quality correlated with the estimated TST and WASO from their actigraphy data.
Even though it is well known that men have poorer sleep quality as they age (less slow wave sleep) compared to women of similar age [23] , this might not be considered in clinical practice. Men in our study had less sleep than women during night time, and this might be a consequence of age but remain an important finding. Sleep hygiene interventions, such as avoiding caffeine before bedtime, use of hypnotic agents, decreasing arousal and light at night should be gender-tailored strategies. Patient and family education about general sleep hygiene could be beneficial for improving the restorative function of sleep during the acute phase after a stroke [24] .
Strengths and Limitations.
Empirical sleep studies of stroke patients using more invasive polysomnography methods in laboratory settings have often focused on sleepdisordered breathing, have assessed only night time sleep in a sleep laboratory, or have examined only in small samples [6] . Because the actigraph is the weight and size of a wristwatch, it is assumed that this method of monitoring has little impact on a patient's natural activities and sleep patterns. Furthermore, an actigraph collects data that estimates sleep also during the day. The actigraph variables reported here are in accordance with the recommended standards [25] which should allow our findings to be compared with those of future studies. As mentioned in the discussion, we are aware of the weaknesses and limitations of actigraphs, but we agree that actigraphy can give important information in mapping the stroke patient sleep and wake pattern [5] .
This study had a descriptive and correlational design and we were not able to compare our findings with a control group. Comparison between our stroke sample and an age matched control group would have strengthened the study design with regards to interpretation of the findings. Since only 6 of the patients had hemorrhagic stroke the results cannot be generalized to all stroke types and the result may be suffering a type II error.
We did not have data on how many of the patients were sharing their hospital room, or if the room-mates disturbed each patient's sleep. This may have been a confounder in estimating the sleep-wake pattern, especially of those who slept in hospital. Because the inclusion criteria included being able to speak and answer questions, patients with severe stroke were not represented in this study. This is further emphasized by the fact that 51% percent of the patients slept at home for one, two, or all three nights. Since the patients with the most severe disabilities probably are excluded from this sample, our findings cannot be generalized to those patients. Data on the prestroke sleep patterns or self-care levels of the participants were not available. Such data, if available, would allow the examination of changes in the sleeping experience in the poststroke period. One area of research suggested by the findings of this study is the impact of sleep quality on activities of daily living and dependence in the acute phase after a stroke.
Conclusion
The variability in our results indicates that both hypersomnia and insomnia may occur in the acute phase after first-ever stroke. Estimated sleep was especially disturbing in men regardless of age, and heath care workers should pay special attention to men"s" poor sleep-wake patterns during the acute phase while in hospital. The number of times the patients woke and the amount of waking time during nights were considerable. Further research is needed to assess a possible relationship between sleep-wake patterns in the acute phase and the patient's' participation in the rehabilitation process.
